The articles in this special issue clearly demonstrate that 'fun' can be a serious topic of investigation in biology, touching on important issues of how we learn to interact with the world (including our social peers) -a significance that, as Dick Byrne explains in the Essay that follows, has not always been appreciated. Fun crops up in many contexts, some more 'intellectual' and others more physical and, for social animals such as ours at least, interactions with other members of our species can greatly enhance the fun of any activity -whether it be playing as a child or simply sharing pleasure in something (a book, a piece of music, a scientific paper…). Which brings me to the set of people who make working on Current Biology such fun, my fantastic colleagues: senior deputy editor Deborah Taylor, senior editors Florian Maderspacher and Cyrus Martin, associate editor Anne Knowlton, assistant editor Christine Cosma, editorial assistants Mary Devane and Maxine Herman-Oakley, and our production colleagues Ulysses Lateiner, Jen Levine and Jackie Divis Doyle, not to mention a myriad supporting actors at Cell Press who juggle the demands of many other journals in our extended family.
So what of the next 25 years -how can these musings about the biology of fun inform the fun of biology...? They suggest to me that, rather than trying to gaze too deeply into the future and plan too specifically for some particular direction in science, we should continue to try to find and highlight by publication things to surprise and delight you readers; by sharing these through our pages we hope to contribute to your pleasure in your subject and, at the same time, we may learn a few new things. If we can do that, we will be happy. often not much fun must be familiar to all. The notion that individuals -humans or other animals -can learn through play is a commonplace, but one that raises important questions about just what is learnt, and how this happens. Because play is often associated with motor exploration, one idea is that it contributes through a trial-and-error process to gradual improvements in the execution and precision of certain behaviours. In a talk on trial-and-error motor learning given at a meeting in Longyearben, Spitsbergen last June (Neural Networks in the Arctic, 5-10 June, 2014), Bence Ölveczky (Harvard) showed a striking video of his son learning to eat spaghetti, the chances of a particular forkful making an accurate trajectory to the mouth increasing dramatically over a few years. Ölveczky has worked on song learning in birds where, again, juveniles produce very variable motor output early in learning only to gradually converge onto a precise song as adults. The neural circuits that underlie song learning in birds have been studied extensively, and Ölveczky pointed out that the cortical nucleus LMAN, thought to be a neural substrate for vocal variability or innovation (i.e. musical 'play'), may be "as close as we have gotten to a neural 'play' region".
Indeed, the pleasure of surprises may relate to the way they can be indicative of the opportunity to learn new thingsyou clearly cannot prescribe in advance precisely what it will be useful to learn, but if a general indicator is perceived as rewarding, then it will provide a motivation to engage in behaviours that can facilitate learning. Jonathon Crystal (Indiana University) pointed out to me that this is a key ingredient of the Rescorla-Wagner learning rule, in which an animal learns from the discrepancy between expectation and actuality. Surprises can, of course, occur in any modality, so that 'fun' can be a dimension of reward and pleasure orthogonal to others, such as those from eating (el Bulli), looking at paintings (Magritte) and so on. Of course, the pleasant surprise has a distinguished history in the progress of science, and the mind alert to fun may be particularly favoured by chance and best prepared to take advantage of serendipity. And as Pat Bateson argues in his Primer, playfulness, by encouraging new forms of behaviour and ideas, is a great stimulus to creativity.
The what as well as the why of animal fun
Fun is functional: play is evolution's way of making sure animals acquire and perfect valuable skills in circumstances of relative safety. Yet precisely what animals find fun has seldom been examined for what it can potentially reveal about how they represent and think about the world.
Richard W. Byrne
Time was, when suggesting that animals might enjoy themselves was seen as anathema to science; even when I read natural sciences as an undergraduate in the early 1970s, the idea was kept in a darkened room, though by then the discovery by Olds and Milner [1] that rats would work endlessly to electrically stimulate certain areas of their brain -and the fact that the authors called these brain areas 'pleasure centres' -must have opened the door a little. Now, at a time when taking a Darwinian view of animal minds is commonplace, it seems obvious that feeling pleasure is simply part of the mechanism for ensuring animals maximize their fitness: a more flexible mechanism than hardwired specific responses, which were seen by the early ethologists as the main way in which evolution controls behaviour. Eating when hungry, drinking when thirsty, sleeping when tired, sex when possiblethese things are pleasurable, and they increase Darwinian fitness, QED. By extension, asking 'Why is it fun for them?' is now seen as a sensible question when applied to other activities to which individuals choose to allocate their valuable time and effort; and studies of animal play have come up with some good answers.
Martin and Caro [2] proposed to test theories about why animals play against the kill-joy explanation, that 'it passes the time', which would have passed in any case. The
Essay
experienced: 'what would it be like to travel on a beam of light…' At least for humans, the development of creativity may be another important functional explanation for why play is fun [4] : building an enhanced mental repertoire, by exploring and linking concepts that might never occur together in real-life situations. In short, we are now well-provided with reasonable hypotheses of biological functions that may have led to the evolution of play, and some of these have already been tested.
We can also ask a different, though related question: 'What is fun for them?' In some cases, the answer would be no different from asking the Why question. For a cursorial predator, for instance, running about and pouncing on things is fun, because that's what they will need to do (for real) as an adult. But if we examine the specific objects that a young ape finds it fun to play around with, that may reveal something of how the ape represents the world of objects. The logic here is rather like that of the method of expectancy violation, originally developed in developmental psychology. A strong reaction, which we can gloss as surprise, can show what an individual can distinguish and what it expected. For instance, when it was artificially arranged that an elephant detected a deposit of urine from an individual who was actually travelling well behind them [5] , the elephant's surprise reaction showed that it did not expect that particular individual to be ahead of them -which means it had an idea of where that individual should be, now -as well as showing that elephants can distinguish individuals by scent. Here, the elephant's 'motivation' for sniffing was curiosity [6] , but what things an animal finds interesting enough to play with can likewise give clues as to how those things are distinguished and categorized. Analogously, jokes are not funny if the audience does not see the world in the way the joke-teller anticipates; we've all had the unfunny experience of not getting the punch-line, because of what we happened not to know or understand. The fact that autistic children so often fail to find jokes funny, noticed by parents, led to the discovery that autism involved a theory of mind deficit, subsequently confirmed by experiments [7] . Most jokes require the audience to work researchers showed that, in many cases, real costs were involved, so more than time-filling must be involved. Play may continue even when animals are foodstressed, and sometimes animals risk death by playing. Functional explanations start with the simple idea that playing allows practice of real-world skills in a relatively safe environment. Baby ibex that play by leaping about sheer cliffs are taking risks, but the agility and skill they develop is later critical to survival when attacked by predators: the cost-balance equation favours playful risk-taking. Beyond practising existing abilities, thus honing nervous system and musculature, playing may help build a repertoire of action patterns greatly in excess of anything available by genetic hardwiring. When a kitten attacks a ball of wool, it may be acquiring novel approaches to the 'escape behaviour' of a rolling ball. The object-play of a young chimpanzee allows the full potential of an ape's prehensile hands and independent motor control of each finger to be explored, so that when as an adult it comes to tackle the food processing challenges of its species -some of them involving tool use -it already has an enhanced repertoire of actions to deploy, some of them 'smart' ones. This 'learning in a safe(ish) context' explanation can also apply to social play.
Developing social sophistication and discovering the limits of what you can get away with are likely to pay in later life for any social animal. Of course, there may also be more direct benefits to social play. Young male baboons play roughly with male peers (Figure 1 ), thus developing motor skills and perhaps friendships with males who may one day help them transfer to the same, new social group; but young females prefer to play with the babies of high-rank females -babies who may one day be ideal allies for the youngsters, as they would be expected to acquire the (high) rank of their mother [3] .
The 'playfulness' of much of science has encouraged a further tier of explanation, in which instead of just exploring risky things safely, we might benefit from playing about with things which could never be out how someone else would feel, given what is described: if you can't, it's not funny.
As yet, the 'what?' question has not been explored systematically, but anecdotes of play suggest that some species may have cognitive abilities beyond those we credit them with. Baboons have been observed teasing cattle, pulling their tails when the cow was safely behind a wire fence and could not hurt the baboon (B. Smuts, personal communication). Teasing is fun for us because we realize how the victim feels [8] : does this mean that baboons have some as-yetunrecognized theory of mind ability? Young elephants regularly chase other animals, not just predators like jackals that might present some small threat to them, but also totally harmless species like wildebeest and egrets (personal observation). It would surely be a stretch to claim that elephants need such games to perfect their chasing skills or develop their chasing repertoire; so why is this fun for an elephant? Chimpanzees use objects as tools in many different ways, and it is therefore no surprise to find that they often play with objects ( Figure 2 ). But when an adult chimpanzee, slowly consuming the brain of a monkey it has helped hunt, carefully places small pieces of skull onto a nearby liana, one-byone in a neat row just like we might place plum stones on the edge of a plate, it raises a question: how does a chimpanzee think about objects, such that this neat pattern is fun to make? In the future, the analysis of the specific content of animal fun, in addition to its distribution and functionality, may have the power to help us understand much more about how animals see their world. Why study play and fun in dogs and their wild relatives? Clearly, these two dogs are having fun. Domesticated dogs are fascinating mammals. We created them in our own image, often favoring traits that compromise their health and longevity, and they also vary greatly in size, shape, mass, color, coat, personality, and behavior. And, because they are easy to observe and to identify reliably in various environments, dogs are wonderful subjects for studying a wide variety of behaviors, including social play. So too are wolves and coyotes. Through comparative research, we have learned much about the nitty-gritty details of what dogs, wolves, and coyotes do when they play and how they have fun (for example, how they ask another dog to play, how they announce their intentions, how cheaters are treated, and how they apologize and forgive transgressions against the rules of fair play). We also have generated some theories about the evolution of social behavior and moral sentiments -wild justiceand have begun to answer 'big' questions about such areas as fairness, peace, moral behavior, and social justice in animals. Having fun on the run and playing fairly is tightly linked to the evolution of social tolerance, social reciprocity, individual fitness, and peaceful relationships among group-living animals. What I write here for dogs, wolves, and coyotes also applies to other animals.
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